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THOMAS HOPPE. citizen of Germany, whose residence and post 
office address is, Ringstrasse 11 b, 85247 Schwabhausen, Germany, has 
invented certain new and useful improvements in a 



ELECTRIC MOTOR WITH IMPROVED COOLING SYSTEM 



of which the following is a complete specification: 



ELECTRIC MOTOR WITH IMPROVED COOLING SYSTEM 
CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application is a continuation of prior filed copending PCT 
International application no. PCT/EP02/09645, filed August 29. 2002. which 
designated the United States and on which priority is claimed under 
35 U.S.C. §120. the disclosure of which is hereby incorporated by reference. 

[0002] This application claims the priority of German Patent Applications. 
Serial Nos. 101 42 642.9. filed August 31. 2001. and 101 48 078.4, filed 
September 28. 2001. pursuant to 35 U.S.C. 119(a)-(d). the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates. In general, to an electric motor, for 
example a rotary motor or a linear motor, and more particularly to efficient 
cooling system of a primary part of such an electric motor. The present invention 
also relates to a method for producing such an electric motor. 

[0004] During the operation of electric motors, in particular high-power 
motors, heat Is generated which has to be removed to the outside. In the 
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simplest case, this is done by thermal conduction in the primary part and by 
convection or radiation outside the primary part. It is also known to provide high 
power motors, in particular the primary parts of linear motors for machine tools, 
with a liquid cooling system in which, for example a serpentine cooling member is 
attached to the modular block or the housing, for circulation of a cooling liquid. 

(00051 This type of cooling operates effectively only when considering the 
motor as a whole and, as a consequence of the construction, is very complex 
and therefore expensive. Moreover, the generated heat can only be dissipated 
through the winding body, i.e., the heat has first to be transported through heat 
conduction from the windings via the teeth to the side of the winding body that 
faces away from the teeth, where the cooling system is mounted. 

[0006] It would therefore be desirable and advantageous to provide an 
improved electric motor to obviate prior art shortcomings and to have a primary 
part which is compact and simple in structure and which is provided with an 
effectively operating cooling unit. In addition, it would be desirable and 
advantageous to provide an improved method for manufacturing a primary part 
for an electric motor. 

SUMMARY OF THE INVENTION 
[0007] According to one aspect of the present invention, a primary part of 



2 



an electric motor includes a modular block made of a toothed winding body and 
consecutively arranged windings applied to teeth of the toothed winding body, 
and a housing receiving the modular block and implemented as a closed housing 
to define an interior, wherein the housing includes at least one gas inlet and at 
least one gas outlet, and is constructed to include at least one gas flow path 
formed in the interior of the housing.. 

[0008] In general, it has been assumed that gas cooling, in particular air 
cooling. Is less efficient than liquid cooling. The present invention is, however, 
based on the recognition that gas cooling, unlike liquid cooling, enables 
introduction of a cooling medium directly into the region that generates the heat, 
i.e. the region of the windings. This aspect completely or at least partially 
compensates the perceived drawbacks of gas cooling as compared to liquid 
cooling. Suitably, gas guiding elements are positioned along the gas flow path 
which can operate or be formed at least in the region of the windings between 
the teeth as turbulence elements, in order to effectively distribute or guide a gas 
flow in the region of the windings. The gas guiding elements may be attached 
hereby to the inner wall surface of the housing, or the inner wall of the housing 
can be configured as gas guiding elements. Suitably, the housing is constructed 
in a gas-tight manner or sealed in order to effectively remove the gas heated in 
the cooling channels. 

[0009] According to one feature of the invention, the step of at least 
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partially embedding the winding body includes the steps of placing the winding 
body in a first mold, filling remaining voids in the first mold with the first molding 
composition, and hardening the first molding composition. The step of 
embedding the winding body includes the steps of placing the winding body with 
the hardened first molding composition in a second mold, filling remaining voids 
of the second mold with the second molding composition, and hardening the 
second molding composition. The step of removing the first molding composition 
includes the steps of liquefying or evaporating the material of the second molding 
composition, and discharging the material from the second mold. Thus, as the 
first molding composition is removed voids are fonned between the second 
molding composition and the modular block. These voids can be exploited to 
form the gas flow path with gas inlet and gas outlet, and for placement of the gas 
guiding elements and may. Suitably, only the winding carrying body portion of the 
winding body as well as the windings are embedded in the first molding 
composition. 

[0010] According to another aspect of the invention, a method of making a 
primary part of an electric motor includes the steps of preparing a modular block 
with a winding body carrying windings, at least partially embedding the winding 
body in a first molding composition, embedding the winding body with the first 
molding composition in a second molding composition, and removing the first 
molding composition. 
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[0011] Optionally, the second housing unit can be additionally attached on 
the modular block, for example by welding or gluing. After the composition has 
completely hardened, the modular block is securely held in the housing, and the 
housing is sealed to the outside. Examples of hardenable compositions include 
conventional sealing compounds used in the electrical industry. 

[0012] According to yet another aspect of the invention, a method of 
making a primary part of an electric motor includes the steps of coating at least 
an inner surface of a first housing part with a hardenable composition to a first 
predetermined thickness, partially placing in the first housing part a modular 
block, which has a winding body carrying windings, while the composition has not 
yet hardened, coating an inner surface of a second housing part with a 
hardenable composition to a second predetermined thickness, attaching the 
second housing part to the first housing part and the modular block, while the 
composition coated to the surface of the second housing part has not yet 
hardened, and completely hardening the composition 

[0013] In order to remove the first molding composition, the material of the 
first molding composition should preferably include a temperature-induced phase 
transition with a phase transition temperature that Is higher than the processing 
temperature of the second molding composition. In this way, the exterior shape 
of the first molding composition is not changed when the second molding 
composition is applied. After the second molding composition has hardened, the 
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entire molded product can be heated up to a temperature higher than the phase 
transition of the material of the first molding composition. The material of the first 
molding composition thereby passes through a phase transition (solid/liquid; 
solid/gaseous), and the resulting liquid or gas can be removed. 

[0014] The product can be heated from outside, for example by placing the 
product in a furnace or the like. Currently preferred is however a process by 
which electric current is applied through the windings to thereby melt the first 
molding composition by the generated heat. Of course, both heating methods 
may also be used either separately or in combination. 

[0015] According to another feature of the present invention, the first 
molding composition can be made of a wax, whereas the second molding 
composition may be of a type suitable for electric applications. In general, the 
melting temperature of the first molding composition should be higher than the 
processing temperature of the second molding composition, and the melting 
temperature of the first molding composition should be lower than the melting 
temperature of the second molding composition, so that the structure of the 
second molding composition is not adversely affected, when the first molding 
composition Is removed. In particular, thermosetting materials can be used for 
the second molding composition. 
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BRIEF DESCRIPTION OF THE DRAWING 



[0016] Other features and advantages of the present Invention will be 
more readily apparent upon reading the following description of currently 
preferred exemplified embodiments of the Invention with reference to the 

accompanying drawing, in which: 

[0017] FIG. 1 is a schematic top view of a primary part of a linear 
motor in accordance with the present invention, with opened housing; 

[0018] FIG. 2 is a side view of a primary part during production 
thereof; 

[0019] FIG. 3 shows a flow diagram of one embodiment of a 
process according to the present invention for making the primary part; and 

[0020] FIG. 4 shows a flow diagram of another embodiment of a 
manufacturing process for a primary part of a linear motor. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0021] Throughout all the Figures, same or corresponding elements are 
generally indicated by same reference numerals. These depicted embodiments 
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are to be understood as illustrative of the invention and not as limiting in any way. 
It sfiouid also be understood that the drawings are not necessarily to scale and 
that the embodiments are sometimes illustrated by graphic symbols, phantom 
lines, diagrammatic representations and fragmentary views. In certain instances, 
details which are not necessary for an understanding of the present invention or 
which render other details difficult to perceive may have been omitted. 

[0022] Turning now to the drawing, and in particular to FIG. 1, there is 
shown a schematic top view of a primary part of a linear motor, including a block- 
shaped housing 50 which is open to the top, for receiving a modular block. The 
modular block includes a winding body 10 with teeth (not shown) for carrying 
windings 20. Modular blocks for the primary part of a linear motor are generally 
known so that a detailed description is omitted here for the sake of simplicity. 

[0023] The housing 50 has longitudinal inner sidewalls for attachment of 
gas guiding elements 30, 40 which extend in a longitudinal direction (I.e., in the 
motion direction of the linear motor). The gas guiding elements 30. 40 have a 
curved section shaped so as to confomn to the windings 20 to define gas 
conducting channels 32. The gas guiding elements 30, 40 are shaped as 
turijulence elements 35 in the region between two adjacent windings 20 and 
partially direct the gas flow into the region where the windings extend through the 
tooth gaps between the winding body 10. The turbulence elements 35 swiri the 
gas flow, which enters from the channels 32 into the region of the windings 20 on 
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the winding body 10, so as to ensure of gas flow in all regions of the windings 20. 

[0024] The housing 50 includes a gas inlet 52 and a gas outlet 54 
configured to respectively supply and discharge a gaseous coolant, typically air. 
Incoming coolant flows in the longitudinal direction through the primary part on 
one side of the interior space of the housing 50 and returns on the other side of 
the interior space of the housing 50 to the air outlet 54. Accordingly, the gas 
flows not only around the entire modular block 10, but flows also through the 
modular block 10 in the region of the winding sections 20 that are located in the 
tooth gaps. In this way, the coolant is effectively supplied to areas that generate 
heat. 

[0025] FIG. 2 is a side view of the primary part for providing a better 
understanding of the process according to the Invention for making the primary 
part. FIG. 3 shows in form of a flow diagram a first embodiment of a process 30 
according to the invention for making the primary part. In a first step 32. a layer of 
a, for example, commercially available molding composition 70 is introduced into 
the housing 50, preferably to a height A, which is greater than the distance of the 
coils from the inner surface of the housing 50. The modular block 10 is 
subsequently partially embedded in this molding composition 70, step 33. 
Optionally, in step 34, air guiding elements 30, 40 can be formed or inserted in 
the housing 50, as will be described below. 
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[0026] A cover 60 is then also coated with the molding composition before 
the molding composition hardens, to a height 6 that corresponds to the distance 
between the edge of the next coil and the inner surface of the housing 50, 
step 35. The cover 60 so coated with the molding composition is then placed on 
the housing 50, step 36, and the molding composition is hardened, step 37. The 
primary part can now be connected to a coolant, such as air, which flow through 
the produced passageways, step 38. The cover 60 may, optionally, also be 
attached to the modular block 10 by welding, gluing or a similar process. The 
housing 50 can be made, for example, of stainless steel or aluminum, while the 
cover 60 can also be made of stainless steel or aluminum. Other suitable 
materials for the cover are glass-fiber-reinforced or carbon-fiber-reinforced 
plastics which can be made relatively thin and can be readily glued together. 

[0027] The housing 50 and/or the cover 60 are coated with molding 
composition to a certain height to ensure the absence of any continuous air 
channels in longitudinal direction of the primary part in the region between a coil 
edge and the corresponding inner surface of the housing (both to the left and to 
the right of the coils in FIG. 2). The gas flow is then forced to travel past the gas 
guiding elements 30, 40. In addition, application of the molding composition to 
the cover 60 ensures that the housing 50 is gas-tight. 

[0028] In addition, the winding body 10 is either flush with the end face of 
the housing 50, where the air inlet 52 and the air outlet 54 are located, or an 
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additional sealing element 53 can be placed between air inlet and the air outlet to 
prevent a short-circuit flow. 

[0029] The air guiding elements 30, 40 can be fabricated from suitably 
shaped sheets made of, for example, stainless steel or plastic; the air guiding 
elements 30, 40 can extend over the entire length of the housing 50, or they can 
be implemented as individual, sequentially arranged elements that are placed at 
suitable positions. Instead of attaching additional elements to the inner wall of 
the housing 50, the housing wall itself can be constructed to form the gas guiding 
elements 30, 40. Care should also be taken to ensure that the gas guiding 
elements 30, 40 extend in vertical tooth direction of the modular block 10 at least 
beyond the height of the coils 20. 

[0030] Of course, it is also conceivable to partially embed the gas guiding 
elements 30, 40 in the molding composition to thereby hold them in place. This 
may, however, also be attained by any other suitable process such as gluing, 
bolting, of the like, to the housing wall. 

[0031] According to another embodiment of a manufacturing process 40 
for a primary part of a linear motor depicted in FIG. 4, a winding body with 
windings in the form of a wound laminated core is placed in a first casting mold 
which is constructed to embrace the winding end portions as closely as possible 
or to at least conform to the shape of the windings, step 42. The mold cavity can 



11 



4 



hereby also be shaped to conform to the shape of the gas guiding 
elements 30, 40. 

[0032] Remaining voids are then filled with a first molding composition, 
such as wax or a similar material, in particular in the region where the gas inlet 
52 and the gas outlet 54 are to be located, step 43. The thereby produced fill 
regions later form the gas Inlet and gas outlet for the air cooling. 

[00331 The winding core filled with wax is then removed from the first 
casting mold, step 44. and placed in a "final mold", step 45. This mold can be a 
separate mold or can preferably be formed by the housing part 50. Remaining 
voids are filled at a temperature between approximately 80 X and 120 X with a 
second molding composition, optionally under an applied pressure or vacuum, 
step 46. The wax fill regions have to be open to the outside of the molding 
composition. 

[0034] The primary part is subsequently heated, either by applying heat 
externally and/or by flowing an electric current through the windings. The 
supplied heat or the dissipated heat melts the wax which can then be removed to 
the outside, step 47. 

[0035] Like in the first embodiment, the voids formed within the primary 
part by removing the wax now once more fomn the flow pathways for the gas 
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coolant. 



[0036] While the Invention has been Illustrated and described in 
connection with currently preferred embodiments shown and described in detail. 
It is not Intended to be limited to the details shown since various modifications 
and structural changes may be made without departing in any way from the spirit 
of the present Invention. The embodiments were chosen and described in order 
to best explain the principles of the invention and practical application to thereby 
enable a person skilled in the art to best utilize the Invention and various 
embodiments with various modifications as are suited to the particular use 
contemplated. 

[0037] What is claimed as new and desired to be protected by Letters 
Patent is set forth in the appended claims and includes equivalents of the 
elements recited therein: 
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